The Actinomyces constitute a significant proportion of the complex microbial flora that inhabits the human oral cavity (4, 18) . The more facultative to aerobic species within this genus, Actinomyces viscosus and Actinomyces naeslundii, have become the subject of increasing study within the past two decades because of their suspected role in periodontal infections which affect the cervical areas of the teeth and the supporting tissues (15, 16, 24) . Clinical studies on the relationship of these organisms to oral disease and to the oral ecology in general have been hampered by the lack of reliable selective culture techniques.
Various media have been used in the past for the isolation ofActinomyces from the mouth and from actinomycotic lesions (3, 10, 13, 21, 22) . The media used in these studies were not selective in relation to the bulk of the competing flora; thus, the isolation and identification of Actinomyces, particularly from the complex oral flora, could be a laborious and time-consuming process.
Differential media have been described in recent years for the selective cultivation of oral Actinomyces from clinical samples (1, 8, 17) . However, these media, which rely on either fluoride or cadmium to suppress other members of the gram-positive oral flora, can be inhibitory to some strains of Actinomyces and are only partially selective.
Studies were initiated to improve the recovery of Actinomyces from oral samples. The experimental approach employed was to include both selective agents, cadmium and fluoride, in a medium augmented with other compounds considered, on the basis of preliminary studies, to be potential selective agents. A differential sensitivity to one of the flavin dyes had been noted previously between A. viscosus and certain oral streptococci (H. V. Jordan and 0. G. Gold, unpublished data). Potassium tellurite was also considered as a possible selective agent for Actinomyces after it was observed that a plaqueforming strain of oral Neisseria Potassium tellurite, a known selective agent for the oropharyngeal flora (25) , was titrated in Trypticase soy basal medium to determine the maximum concentration of this compound that would be tolerated by the reference strains of A. viscosus and the minimal level that would inhibit the oral streptococci. In addition, six oral isolates with the characteristics of Neisseria were also tested against this agent because of the previously observed differential sensitivity of these organisms as compared with that of A. viscosus.
Basic fuchsin was used previously in a medium for isolating Actinomyces at a concentration of 1.0 p.g/ml to suppress gram-negative bacteria (14) . This inhibitory dye was titrated in Trypticase soy basal medium to establish a level that was suitable for the growth of the reference strains of A. viscosus.
A composite selective medium was prepared by adding cadmium, fluoride, acriflavine, tellurite, and basic fuchsin to Trypticase soy basal medium. Although the selective concentrations of the inhibitors were established initially by using the nine A. viscosus reference strains, the growth of six A. naeslundii reference strains on the composite medium was subse- quently checked because of the similarity of these two species.
Evaluation of selective media. The composite medium was compared with CNAC-20 medium (8) and FC medium (1) for its ability to support the selective recovery of A. viscosus from clinical material. Dental plaque was obtained from accessible buccal surfaces, near the gingival margin, of the first and second molars of 22 laboratory workers and dental students. The samples were collected into VMGII transport medium (20) and agitated for 30 s in a Vortex mixer, and appropriate dilutions were plated on the three selective media. Plates were incubated at 37°C under an atmosphere of 90% air-10% CO2. After 4 days of incubation, the plates were examined and numbers of Actinomyces and other types of oral bacteria were recorded.
Before the actual comparative study, pilot experiments were conducted with the three media to establish the types of organisms likely to be encountered. Initial identification of the different bacterial types was based on colony appearance, Gram stains, and determination of major characteristics necessary for presumptive generic classification. Representative colonial types were then isolated randomly from the three media and identified by standard methods (6) . A total of 130 isolates obtained during the pilot trials were characterized, usually to the species level, in this way. For comparison, reference strains of the following organisms were included in the identification procedures: A. viscosus, A. naeslundii, S. mutans, S. sanguis, S. salivarius, Bacterionemia matruchotii, Rothia dentocariosa, Neisseria, and Aerococcus. In the course of recording comparative bacterial counts on the three media, random isolates were spotchecked to confirm their presumptive identification, as described previously. Populations of bacteria enumerated on the three media were compared, using the t test to detect significant differences. (8) .
RESULTS
None of the A. viscosus strains grew on Actinomyces agar under an atmosphere of 90% air-10% CO2. The inhibitory properties of this medium appear to be due, at least in part, to the high concentration (0.11 M) of KH2PO4. When Actinomyces agar was formulated to contain KH2PO4 at the same molar concentration as that in Trypticase soy basal medium (0.014 M), full growth of the reference strains occurred. Addition of phosphate to Trypticase soy basal medium up to a final concentration of 0.11 M completely inhibited the reference strains. Deletion of (NH4)2SO4 from Actinomyces agar resulted in improved growth for most strains. However, addition of this compound to Trypticase soy basal medium at the same concentration did not inhibit growth. All of these results were obtained under aerobic growth conditions. Actinomyces agar supported full growth of the reference strains of A. viscosus and A. naeslundii when incubated anaerobically.
Titration of selective agents. The maximum concentration of CdSO4 that did not inhibit any of the A. viscosus reference strains of human origin (serotype 2) tested in the present study was 13 ,ug/ml. A. viscosus strains of animal origin (serotype 1) were much more sensitive to cadmium. Strain RF7, a rat isolate, and three strains of catalase-positive filamentous organisms with characteristics of A. viscosus that were freshly isolated from Syrian hamsters did not grow in media containing 2.5 ,ug of CdSO4 per ml. Strain T6, a hamster isolate, grew better than the other rodent isolates tested, but the number of colonies recovered on media containing 6.5 ,ug of CdSO4 per ml was less than 10% of those obtained without CdSO4.
Although the reference strains of A. viscosus grew at 250 ,ug of NaF per ml, the concentration employed in FC medium, colony size and, in some cases, colony numbers were reduced. Full growth of all strains without a reduction in colony size was attained at a concentration of 80 ,ug of NaF per ml. The streptococci were more sensitive to NaF, but the response was variable. The two reference strains of each of S. sanguis and S. mutans were completely inhibited at 250 ,ug of NaF per ml, and the two reference strains of S. salivarius showed only limited growth at this concentration. The streptococcal reference strains were not completely inhibited at 80 pug of NaF per ml.
Neutral acriflavin showed a significant differential inhibitory effect against the reference strains of viridans streptococci compared with A. viscosus ( (14), and therefore the level of this agent was reduced to 0.25 ,ug/ml.
The maximum concentration of potassium tellurite that allowed full growth of all strains of A. viscosus was 2.5 ,ug/ml. Although this concentration could be tolerated by reference strains of oral streptococci, strains of oral Neisseria tested were completely inhibited at this concentration.
Actinomyces selective medium. A composite medium (CFAT) was formulated which contained all selective agents added to Trypticase soy basal medium at the highest concentrations that were non-inhibitory for A. viscosus reference strains. The composition of CFAT is given in Table 3 .
In the original formulation of CFAT agar, neutral acriflavin was added to a concentration of 1.13 ,ug/ml (L. Zylber and H. Jordan, J. Dent. Res. (special issue A) 59:898, 1980). For convenience, this has been rounded off to 1.20 ,ug/ml, with no significant effect on Actinomyces recovery.
Initial nutritional experiments with Trypticase soy basal medium did not show a requirement for blood by the A. viscosus reference strains. However, later experiments with clinical samples under aerobic incubation indicated improved colony development from some samples when blood was added. For this reason, 5% defibrinated sheep blood was included in the medium.
CFAT agar supported full growth of the A. viscosus reference strains. Four A. naeslundii reference strains (12104, 6-60b, 6-126c, and W2821) grew on this medium; however, two strains (N16 and 4A05) did not grow.
Evaluation of selective media. Comparison of the three selective media revealed significant differences in recovery of Actinomyces from clinical material as well as in selectivity of the media in relation to extraneous organisms. Table  4 shows the frequency of isolation of Actinomyces and other competing organisms from the 22 clinical samples. A. viscosus was recovered from all samples on CFAT and FC media and from 64% of the samples on CNAC-20. Organisms identified as A. naeslundii were recovered from most samples on CFAT and FC media but only from about one third of the samples of CNAC-20. The major groups of extraneous organisms, which occurred in varying proportions on the different media, were identified as Rothia, Aerococcus, Neisseria, streptococci, Bacterionemia, and yeasts. The selectivity of CFAT relative to these interfering organisms was clearly better than that of the other two media.
Relative populations of Actinomyces and the different competing organisms on the three isolation media are given in Table 5 . Numbers of Actinomyces recovered on CFAT were considerably higher than those from the other two media. The major interfering organisms on this medium were Aerococcus and Rothia. Although the numbers of these organisms were low, the colonies were often similar in size and appearance to Actinomyces. Streptococcal colonies on CFAT were very small, and the relatively low numbers did not present a problem. FC and CNAC-20 media were less selective and supported the growth of significant numbers of interfering organisms. A lower proportion of A. naeslundii in relation to A. viscosus was recovered on CNAC-20 as compared with the other media. Large numbers of small, grey, translucent colonies on CNAC-20 medium were identified as streptococci. (5) reported that various media undergo auto-oxidation after anaerobic autoclaving and exposure to atmospheric oxygen. Rapid killing of Peptostreptococcus anaerobius in Actinomyces broth (BBL) was observed. These workers stated that the tendency of the media to auto-oxidize and accumulate hydrogen peroxide was usually related to the concentration of phosphate in the medium.
The nutritional quality of the selective medium appeared to be enhanced by the presence of blood, particularly when clinical samples were cultured. It should be emphasized that these observations were made under conditions of aerobic incubation.
Differential isolation media described in recent years (1, 8, 17) , which depend on the selective inhibition of extraneous gram-positive organisms by cadmium or fluoride, represent an important advance in the detection of oral Actinomyces by cultural procedures. In the present study, we have confirmed the relative resistance ofA. viscosus and A. naeslundii to cadmium and fluoride as compared with streptococci. However, partial inhibition of some Actinomyces strains was noted at the concentrations employed in CNAC-20 and FC media. When the concentrations of these agents were adjusted downward to eliminate any evidence of inhibition for all of the reference A. viscosus strains, (9, 11, 12) . Gerencser and Slack (11) pointed out that the similarities between the two species were so great that A. viscosus may be considered a catalase-positive variant of A. naeslundii. However, these workers felt that adequate differences existed to separate the two species at that time.
Since the intraoral pathogenicity of A. viscosus and A. naeslundii in experimental animals is similar and both are prominent members of the gingival plaque flora, it may be an advantage to monitor populations of the two species together. However, there is some evidence that the sequence of colonization of the human mouth by these two species is different (7) . This evidence suggests that there may be situations in which it would be desirable to examine the oral populations of either species by itself. At present, differentiation of these species in studies of this type depends on the catalase reaction (7) or on certain immunological procedures (19, 23) . The presence of blood in CFAT agar eliminates the possibility of using the catalase reaction directly on plates containing this medium.
The CFAT medium appears to represent a significant improvement over presently available media, such as FC medium and CNAC-20 medium, for the selective cultivation ofA. viscosus and A. naeslundii in clinical material, although some strains of the latter species may not be recovered. The Actinomyces selective medium of Kornman and Loesche (17) , which also utilizes cadmium as a primary selective agent, was not included in the present comparison. The numerous oral streptococci which are often the major interfering organisms in culturing Actinomyces have been reduced to insignificant numbers on CFAT medium. Ellen and BalcerzakRaczkowski (8) had reported the tendency of CNAC-20 medium to inhibit the growth of A. naeslundii and also to support the growth of some streptococci. This was confirmed in the present study. The aerobic organisms Rothia and Aerococcus, which were encountered in significant numbers on FC and CNAC-20 media, have been reduced but not eliminated in CFAT and thus may still present a problem. The use of a combination of selective agents at concentrations which are less inhibitory for A. viscosus and A. naeslundii appears to offer an advantage over single-inhibitor media in suppressing the extraneous gram-positive flora.
